Targeting Self-Binding Peptides as a Novel Strategy To Regulate Protein Activity and Function: A Case Study on the Proto-oncogene Tyrosine Protein Kinase c-Src.
Previously, we have reported a new biomolecular phenomenon spanning between protein folding and binding, termed as self-binding peptides (SBPs), where a short peptide segment in monomeric protein functions as a molecular switch by dynamically binding to/unbinding from its cognate domain in the monomer (Yang et al. J. Chem. Inf. 2015, 55, 329-342). Here, we attempt to raise the SBP as a new class of druggable targets to regulate the biological activity and function of proteins. A case study was performed on the proto-oncogene nonreceptor tyrosine kinase, c-Src, which contains two SBPs that bind separately to SH3 and SH2 domains of the kinase. State-of-the-art molecular dynamics (MD) simulations and post binding energetics analysis revealed that disrupting the kinase-intramolecular interactions of SH3 and SH2 domains with their cognate SBP ligands can result in totally different effects on the structural dynamics of c-Src kinase architecture; targeting the SH2 domain unlocks the autoinhibitory form of the kinase-this is very similar to the pTyr527 dephosphorylation that functionally activates the kinase, whereas targeting the SH3 domain can only release the domain from the tightly packed kinase but has a moderate effect on the kinase activity. Subsequently, based on the cognate SBP sequence we computationally designed a number of SH2-binding phosphopeptides using a motif grafting strategy. Fluorescence polarization (FP) assay observed that most of the designed phosphopeptides have higher binding affinity to SH2 domain as compared to the native SBP segment (Kd = 53 nM). Kinase assay identified a typical dose-response relationship of phosphopeptides against kinase activation, substantiating that disruption of SH2-SBP interaction can mimic c-Src dephosphorylation and activate the kinase. Two rationally designed phosphopeptides, namely EPQpYEEIEN and EPQpYEELEN, were determined as strong binders of SH2 domain (Kd = 8.3 and 15 nM, respectively) and potent activators of c-Src kinase (EC50 = 3.2 and 41 μM, respectively).